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© Semi-conductor non-volatile memory. 

© A semi-conductor nonvolatile memory com- 
prises a semi-conductor substrate (1) of a first con- 
ductivity type, a semi-conductor region (8) of the 
first conductivity type formed in a surface portion of 
the semi-conductor substrate and having an impurity 
density higher than that of the semi-conductor sub- 
strate, and source and drain regions (2, 3) of a 
second conductivity type formed in spaced relation 
in the surface of the semi-conductor substrate, A 
floating gate electrode (5) is formed on and elec- 
trically insulated from the semi-conductor region, 
and a controi gate electrode (7) is formed on and 
electrically insulated from the floating gate electrode. 
The memory is characterised by a further semi- 

3 conductor region (9) formed inside the first semi- 
conductor region and containing impurity of the sec- 
COond conductivity type* 
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SEMI-CONDUCTOR NON-VOLATILE MEMORY 



The present invention relates to a semi-con- 
ductor non-volatile memory of the floating gate 
type for use in electronic instruments such as 
computers. 

A conventional semi-conductor non-volatile 5 
memory of the floating gate type, which is erasable 
by ultra-violet radiation, is shown in Figure 2 and is 
constructed such that a source region 2 of N type 
and a drain region 3 of N* type are formed in a 
surface of a P type semi-conductor substrate 1. A w 
floating gate electrode 5 is formed over a channel 
region in the semiconductor substrate surface be- 
tween the source region 2 and the drain region 3, 
the floating gate electrode 5 being covered with an 
electrically insulating film. Such a memory is dis- 75 
closed, for example, in tvL Wada et al» "Limiting 
Factors for Programing EPRQM of Reduced Di- 
mensions" in IEDM Dig. Tech Papers, pages 38 to 
41 (1980). 

In the conventional semi-conductor non-volattle 20 
memory as shown in Figure 2, the substrate 1 has 
formed in the surface thereof an impurity doped 
region 8, having an impurity density higher than 
that of the substrate, so as to reduce programming 
time and to separate individual memory cells from 25 
one another. The memory thus has a high thresh- 
old voltage, of about 1.5 V, after erasure by ultra- 
violet irradiation and therefore operation is difficult 
in a low voltage range. 

An object of the present invention is to provide so 
a semi-conductor non-volatile memory, which is 
operable by a low drive voltage at a high speed 1 
white maintaining the programming performance 
and the memory cell separation* 

According to the present invention, there is 35 
provided a semi-conductor non-volatile memory 
comprising a semi-conductor substrate of a first 
conductivity type, a semi-conductor region of the 
first conductivity type formed in a surface portion 
of the semi-conductor substrate and having an im- 40 
purity density higher than that of the semi-conduc- 
tor substrate, source and drain regions of a second 
conductivity type formed in spaced relation in the 
surface of the semi-conductor substrate, a floating 
gate electrode formed on and electrically insulated 4$ 
from the semiconductor region, a control gate 
electrode formed on and electrically insulated from 
the floating gate electrode, and characterised by a 
further semi-conductor region formed inside the 
first semi-conductor region and containing impurity eo 
of the second conductivity type. 

According to the invention, therefore, as de- 
scribed below, a first impurity doped region of 
relatively high density is formed in the substrate to 
ensure the programming performance and cell sep- 



aration, and another impurity doped region of op- 
posite conductivity type is formed within the first 
mentioned impurity doped region so as to reduce 
the threshold voltage after erasing by ultra-violet 
radiation, for example to about 0,7 V, to realise a 
low voltage, high speed operation. 

The invention is described further, by way of 
example, with reference to the accompanying 
drawings, in which:- 

Figure 1 is a sectional view showing a first 
embodiment of semi-conductor non-volatile mem- 
ory according to the present invention, taken in the 
direction of the length of a channel region of the 
memory; 

Figure 2 is a sectional view of a conventional 
semi-conductor non-volatile memory; 

Figure 3 is another sectional view of the first 
embodiment of the present invention, taken in the 
direction of the width of the channel region of the 
memory and showing two adjacent memory cells in 
a memory cell array of the memory; 

Figure 4 is a sectional view showing a sec- 
ond embodiment of semi-conductor nonvolatile 
memory according to the present invention; 

Figure 5 is a graph showing impurity dis- 
tribution in a channel region of the semi-conductor 
non-volatile memory, along the line A - a' of Figure 
4; 

Figure 6 Is a graph illustrating dependency 
of threshold voltage of the semi-conductor non- 
volatile memory of Figure 4 on arsenic ion doping 
quantity; and 

Figure 7 is a sectional view showing a third 
embodiment of semi-conductor non-volatile mem- 
ory according to the present invention. 

The following description is of embodiments of 
the present invention featuring an uftra-violet-ray- 
erasable semi-conductor non-volatile memory of N 
type. 

Figure 1 shows a section through a first em- 
bodiment of the present invention. The memory 
comprises a P type silicon substrate 1, which has 
formed in a surface thereof an impurity doped 
region 8 having an impurity density higher than that 
of the substrate 1. Further, a region 9 inside the 
impurity doped region 8 is doped with an N type 
impurity at a relatively low density. A floating gate 
electrode 5 is formed over the impurity doped 
regions 8 and 9 on a gate oxide film 4, and a 
control gate electrode 7 is formed over the floating 
gate electrode 5 on a control gate insulating film 6. 
A source region 2 and a drain region 3 of N* type 
are formed at a distance from one another in the 
substrate surface under the floating gate electrode 
5. in this construction, the control gate electrode 7 
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is strongly capacitively coupied to the floating gate 
electrode 5 through the control gate insulating film 
6, whereby a voltage applied to the control gate 
electrode 7 indirectly controls the electric potential 
of the floating gate electrode 5. 

A reading operation for the semi-conductor 
non-volatile memory of Figure 1 wili now be de- 
scribed. While a given constant voltage is applied 
to the control gate electrode 7, impedance is de- 
tected in a channel region defined between the 
source region 2 and the drain region 3 in the 
surface of the semi-conductor 1 so as to read out 
Information, Namely, when the floating gate elec- 
trode 5 is injected with a great number of elec- 
trons, the impedance in the channel region is high. 
On the other hand, when the floating gate electrode 
is not injected with electrons, for example following 
erasure by ultra-violet radiation, the impedance is 
low. Consequently, the impedance according to 
whether or not the floating gate electrode 5 is 
injected with electrons indicates the information. 
Namely, the information is memorised in the form 
of electrons in the floating gate electrode 5, and 
therefore is not volatile during normal operation and 
in the storage state. 

When changing or re-writing the information, 
the memory is irradiated with ultra-violet radiation 
(hereinafter, referred to as n ultra-violet»ray-eras- 
ing w ) to discharge the electrons from the floating 
gate electrode to the substrate 1. Thereafter, a 
voltage is applied to each electrode according to 
the information to be written or programmed to 
inject electrons into the floating gate electrode 5 to 
thereby carry out "programming". 

A detailed description is given below of the 
method of injecting electrons into the floating gate 
electrode 5, i.e. the method of programming. The 
source region 2 is held at the same potential as the 
substrate 1, the drain region 3 is applied with a 
voltage of 4 V to 10 V and the control gate elec- 
trode 7 is applied with a high voltage of 7 V to 14 
V, Consequently, a channel current flows between 
the source region and the drain region, and a part 
thereof turns to hot electrons and is injected into 
the floating gate electrode 5. if electrons are not to 
be injected, one of the 6ra\n region 3 and the 
control gate electrode 7 is held at the same poten- 
tial as the substrate 1 to avoid injection. The impu- 
rity doped region 8 of P type having a high impu- 
rity density is formed in the surface of the sub- 
strate 1 to facilitate the generation of hot electrons 
to improve the programming performance. 

Figure 3 is a further sectional view of the semi- 
conductor nonvolatile memory, in which a plurality 
of memory celts are shown arranged in an array 
and in which individual memory cells are necessar- 
ily separated from each other. Namely, as shown in 
Figure 3, a drain region 3A of a memory celt A is 



electrically separated from an adjacent drain region 
3B of another memory cell B by a separation 
region 20 composed of a field oxide film 10, The 
separation region 20 is needed to withstand the 

5 high voltage which is applied to the control gate 
electrode 7 and the drain region 3 of one memory 
cell when injecting electrons into the associated 
floating gate electrode 5. For example, when a 
applying a voltage of about 12.5 V to the control 

w gate electrode 7 of one memory celt to effect the 
injection of electrons, the separation region 20 
must be formed to withstand the voltage of 12,5 V. 
In the present invention, as shown in Figure 3, the 
substrate 1 is formed with the high density region 8 

75 of the same conductivity type as the substrate by 
means of self alignment doping in an active area 
(which is defined as an area other than the separa- 
tion region). Stated otherwise, doping is carried out 
over the substrate surface using the separation 

20 region 20 as a mask to form the high density 
region 8, whereby the separation region 20 is also 
doped to increase its threshold voltage to ensure 
the separating characteristic. When using a voltage 
of about 12.5 V for the programming, the doping 

35 for the high density region 8 must be carried out 
with an ion implantation quantity of more than 2 x 
10 12 atoms per cm 3 . Increase of this doping quanity 
can concurrently improve the separation character- 
istics. 

30 According to the present invention, the semi- 
conductor nonvolatile memory is constructed so 
as to enable low voltage operation by diffusing a 
dopant of N type within the impurity doped region 
8 to form therein another impurity doped region 9, 

35 rather than by simply reducing the impurity density 
of the impurity doped region 8 which would Wmder 
the separation characteristic. The region 9 is effec- 
tive to reduce the surface net impurity density over 
the channel region so as to set its threshold volt- 

40 age to' about 0. 7 V after ultra-violet irradiation. The 
introduction of this N type dopant can be carried 
out in the same step as forming the P type high 
impurity doped region 8, That is, without adding a 
photolithographic step, N type and P type dopants 

45 can be doped into the active area through double 
ion implantation, However, in order to form the 
region 9 within or inside the region 8, the N type 
dopant must be composed of elements having a 
diffusion co-efficient smaller than that of the P type 

50 dopant For exampie, the N type dopant may be 
composed of arsenic and the P type dopant may 
be composed of boron such that, as shown in 
Figure 1, the impurity doped region 9 of low net 
impurity density is formed inside the other impurity 

55 doped region 8 of high impurity density. 

As described above, while the additional region 
9 is formed to lower the threshold voltage of the 
channel region, sufficient separation between the 
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individuai ceiis can be maintained as shown in 
Figure 3. Namely, the impurity doped region 8 of P 
type having a high impurity density overlaps suffi- 
ciently the field oxide film 10, More specifically, the 
region 8 is doped with boron to an ion implantation 
quantity of more than 2 x 10 12 atoms per cm 3 to 
ensure the electrical separation, and the region 9 is 
doped with arsenic to an ion implantation quantity 
less than that of the boron to improve the program- 
ming performance and provide a memory operable 
in a low voltage range. 

Ion implantation of boron and arsenic can be 
carried out sequentially in the same photo-lithog- 
raphic step, thereby avoiding a cost increase due 
to the addition of another photo-lithographic step. 
Further, doping with the N type and P type dopants 
can be efficiently carried out by self alignment 
doping using the separation region as a mask, 
further resulting in the above mentioned improve- 
ment of the cell separation. 

Figure 4 is a sectional view showing a second 
embodiment of the semi-conductor non-volatile 
memory. The present semi-conductor non-volatile 
memory is formed not only in the silicon substrate, 
but also on a semi-conductor region formed in the 
substrate as well as on a surface of a semi-conduc- 
tor film. The memory shown in Figure 4 comprises 
a P type silicon substrate 1 which has formed 
thereon a first gate insulating film 4 and a floating 
gate electrode 5. A control gate electrode 7 has a 
portion formed on the floating gate electrode 5 on 
an inter-layer insulating film 6 and a portion formed 
on the substrate on a second gate insulating film 
14. A source region 2 and a drain region 3 of N 
type are formed in a surface of the substrate 1 by 
self alignment doping using the floating gate elec- 
- trode 5 and the control gate electrode 7 as a mask. 
Further, a first impurity doped region 8 of P type 
having an impurity density higher than that of the 
substrate 1 is formed between the source region 2 
and the 6rmr\ region 3 in the surface of the sub- 
strate 1 to define there-between a channel region, 
and a second impurity doped region 9 containing N 
type impurity as well as the P type impurity is 
formed in the surface of the first impurity doped 
region 8. Generally, the surface density of the P 
type impurity is set to be greater than that of the N 
type impurity so that the second impurity doped 
region 9 is still electrically of P type. Namely, the 
region 9 contains more P type Impurity than N type 
impurity, in spite of the additional doping of the N 
type impurity. The first and second impurity doped 
regions can be formed by ion implantation. 

Figure 5 shows a distribution of the impurity 
density in the vertical direction of the first and 
second impurity doped regions 8 and 9, namely 
along line A - A' of Figure 4 from the surface of the 
substrate 1 , when boron Is used for the dominant 



impurity of the first impurity doped region 8 and 
arsenic is used for the additive impurity of the 
second impurity doped region 9. Boron and arsenic 
may be introduced in the same step so that, as 
5 shown in Figure 5, the distribution of arsenic is 
limited to within the boron doped area because 
arsenic has a diffusion rate smaller than that of 
boron. Accordingly, the P type impurity is elec- 
trically reduced or cancelled on the surface of the 
w channel region by the addition or distribution of the 
N type arsenic. 

The first impurity doped region 8 is effective to 
satisfy the programming performance of the semi- 
conductor non-volatile memory in a manner similar 
75 to the embodiment of Figure 1 and is effective to 
raise the threshold voltage of the field oxide film 
between the memory cells thereby to separate the 
memory cells electrically from each other. The 
surface of the substrate 1 is doped with P type 
20 impurity to a quantity of approximately 10 17 atoms 
per cm 3 to form the first impurity doped region 8 
for facilitating the generation of hot electrons at the 
time of programming. The second impurity doped 
region 9 is formed to reduce the threshold voltage 
25 of the memory. The control gate electrode 7 is 
strongly capacitively coupled to the floating gate 
electrode 5. Accordingly, the control gate electrode 
7 may be applied with a voltage to change in- 
directly the electric potential of the floating gate 
so electrode 5. 

A description will be given of the reading op- 
eration for the semi-conductor non-volatile memory 
of Figure 4. A plurality of memory cells are in- 
tegrated in the form of a memory array, in which 
os individual memory ceiis are selected to read in- 
formation therefrom, tn each selected memory cell, 
while the control gate electrode 7 receives a volt- 
age, which is equal or close to the power supply 
voltage, the conductance of the channel region 
4o between the source region 2 and the drain region 3 
is detected to read out the information. The chan- 
nel conductance is high after irradiation by erasing 
ultra-violet radiation. On the other hand, the chan- 
nel conductance is low in the programmed state in 
45 which many electrons are injected Into the floating 
gate electrode 5. 

In this instance, the channel region is com- 
posed of a first channel region, which is controlled 
by the control gate electrode 7 through the second 
so gate insulating film 14, and a second channel re- 
gion, which is connected in series with the first 
channel region and which is controlled by the po- 
tential of the floating gate electrode 5 through the 
first gate insulating film 4. Namely, the channel 
55 conductance is determined by the values of the 
conductance of the first and second channel re- 
gions. The conductance of the second channel 
region varies according to the amount of electrons 
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injected into the floating gate electrode 5 while a 
constant voltage is applied to the control gate elec- 
trode 7. Therefore, the conductance of the channel 
region between the source region 2 and the drain 
region 3 may be changed to indicate the informa- s 
tion accordingly. 

As just mentioned, in the semi-conductor non- 
volatile memory of Figure 4, the channel region is 
composed of the first channel region controlled 
directly by the voltage of the control gate elec- to 
trode, and the second channel region connected m 
series with the first channel region and controlled 
by the potential level of the floating gate electrode 
5. Accordingly, the second channel region can be 
formed so as to set its threshold voltage after ultra- rs 
violet-ray-erasing to be sufficiently fow, while the 
first channel region may be formed so as to set its 
threshold voltage to an enhanced level such that 
leak current in a non-selected memory cell is re- 
duced. Further, when the drain region 3 is applied ao 
with a voltage during the reading operation, the 
potential level of the floating gate electrode 5 may 
be raised to increase the channel conductance of 
the second channel region. In view of this, the first 
channel region can be formed So as to set its 25 
channel conductance to a fow level for avoiding 
leak current in a non-selected memory cell. More* 
over, in this second embodiment of the present 
invention, the drain region 3 may be connected to 
ground and the source region 2 may be supplied 30 
with a power source voltage through a load to read 
the Information in terms of the value of the channel 
region conductance, thereby realising a more func- 
tional memory. That is, the floating gate electrode 
5 is not structurally connected to the source region 35 
2, thereby eliminating inadvertent writing during the 
normal reading operation (soft-writing). Conse- 
quently, the entire length of the channel region can 
be reduced as compared with the conventional 
memory cell, and the source region 2 can receive 40 
a high voltage close to the power supply voltage 
during the reading operation. The channel conduc- 
tance can thus have a large value after ultra-violet- 
ray-erasing of the memory whereby a high speed 
reading operation may be realised. 45 

Next, a description will be given of the pro- 
gramming operation for this second embodiment of 
the present invention. When injecting electrons into 
the floating gate electrode 5 of the memory ceil, 
the drain region 3 is applied with a voltage of about so 
4 V to 7 V with respect to the source region 2 and 
the substrate 1 . Further, the control gate electrode 
7 is applied with a high voltage of about 12 V. The 
application of such voltages to the drain region 3 
and the control gate electrode 7 causes a substan- 55 
tial current of the order of 1 mA to flow through the 
channel region, thereby generating hot electrons in 
the vicinity of the drain region 3. A part thereof is 



injected into the floating gate electrode 5. A non- 
selected memory celt does not receive a voltage at 
its control gate electrode 7 so that writing is not 
effected. Further, the selected memory celis may 
include some in which the injection of electrons 
into the floating gate electrode 5 is not required. In 
such memory cells, while the control gate electrode 
7 is applied with a high voltage, the drain region 3 
is connected to ground to avoid writing. Thus, it is 
only when both of the drain region 3 and the 
control gate electrode 7 are applied with voltages, 
that electrons are injected into the floating gate 
electrode 5, The Figure 4 memory has a structure 
effective to suppress soft-writing and wherein the 
channel length may be made short. Accordingly, 
the writing operation can be carried out in an 
extremely short period of time. Further, in a non- 
selected memory cell during the writing operation, 
while the drain region 3 may be applied with a high 
voltage, the control gate electrode 7 is connected 
to ground so that the conductance of the first 
channel region is sufficiently low to prevent leak 
current within the non»seiected memory cell. 

The second impurity doped region 9 is formed 
by the doping of arsenic in the surface of the 
channel region so as to lower the threshold voltage. 
This impurity doped region 9 does not impair the 
programming efficiency of the memory, since the 
surface potential induced during the writing opera- 
tion in the vicinity of the drain region 3 to generate 
the hot electrons is not affected by the doping of 
arsenic. The reason for this is that the second 
impurity doped region 9 is formed only in an ex- 
tremely thin surface portion of the channel region 
due to the small diffusion rate of arsenic as shown 
in Figure 5. 

In order to reduce the threshold voltage of the 
channel region, the density of the first impurity 
doped region 8 could be reduced instead of provid- 
ing the second impurity doped region 9. However, 
in such a case, the surface potential effective to 
generate the hot electrons is changed into a dull 
shape (flattened), thereby hindering the efficiency 
of the programming. According to the present in- 
vention, therefore, the second Impurity doped re* 
gion 9 is formed in order to maintain programming 
efficiency and simultaneously to reduce the thresh* 
old voltage of the memory. 

Next, a description will be given of the opera- 
tion for erasing the memory of Figure 4, The eras- 
ing is carried out by irradiating the memory with 
ultra-violet radiation. The electrons injected into the 
floating gate electrode 5 are excited by the ultra* 
violet rays to return to the substrate 1 and thereby 
effect erasing. Figure 6 shows the dependency of 
the threshold voltage of the memory after the ultra- 
violet irradiation oil the doping quantity of the ar- 
senic (As). As indicated in Figure 6, the depen- 
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dency curve is characterised by two parts divided 
by the critical doping quantity of 5 x 1D 11 atoms 
per cm 3 . Namely, the threshold voltage reduces 
significantly in the part A, and reduces moderately 
in the part B f as the doping quantity increases. 
Now, the effective threshold voltage of the memory 
of Figure 4 is determined by whichever has the 
greater threshold value of the first and second 
channel regions. If the second impurity doped re- 
gion 9 were not present, i.e. the ion implantation 
quantity of arsenic was zero, the threshold voltage 
after the uiira-violet-ray-erasing would be deter- 
mined by the higher threshold voitage of the sec- 
ond channel region. As the doping quantity of 
arsenic in the second impurity doped region 9 is 
increased, the magnitudes of the respective thresh- 
old voltages of the first and second channel re- 
gions are reversed such that the threshold voltage 
of the first channel region becomes higher than 
that of the second channel region. In other words, 
by increasing the doping quantity of arsenic, the 
effective threshold voitage of the memory is shifted 
from the part A to the part B of the dependency 
curve of Figure 6, the part A corresponding to the 
threshold voltage of the second channel region, 
and the part B corresponding to the threshold 
voltage of the first channel region. 

In order to reduce the dependency of the 
threshold voitage of the first channel region on the 
doping quantity of arsenic in part B, it is possible 
to set the capacity per unit area of the second gate 
insulating film 14 to be greater than that of the first 
gate insulating film 4, since the capacity per unit 
area of the gate insulating film can be increased to 
reduce the contribution of the doping quantity of 
arsenic to the threshold voltage. 

In order to reduce the threshold voitage of the 
memory, the impurity density of the first impurity 
doped region 8 could be reduced instead of for* 
ming the second impurity doped region 9, How* 
ever, in this case, the threshold voltage of the first 
channel region would be less than the threshold 
voltage of the second channel region since the 
control gate electrode 7 is capacitively coupled to 
the floating gate electrode 5 not by 100% but 
normally by about 70%. On the other hand, in the 
embodiment of the memory shown in Figure 4, the 
second impurity doped region 9 may be formed so 
that the threshold voltage of the first channel region 
is made higher than that of the second channel 
region, such adjustment of the threshold voltages 
being carried out by changing the impurity density. 

As an alternative, in the Figure 4 memory, the 
second gate insulating film 14 can be formed of a 
thermal oxidation film, after removing the first gate 
insulating film 4, such that a part of the second 
impurity doped region 9 is integrated into the sec- 
ond gate insulating film 14 in order to reduce the 



arsenic density of the first channel region. Accord- 
ingly, the threshold voltage of the first channel 
region may be made higher than that of the second 
channel region in this manner. 

s Figure 7 is a sectional view showing a third 

embodiment of semi-conductor non-volatile mem- 
ory which is similar to the embodiment of Figure 4 
and in which like parts are represented by the 
same reference numerals* By contrast with the 

w Figure 4 embodiment, however, the memory shown 
in Figure 7 has a third impurity doped region 21 of 
P type, which is formed in the first channel region 
by self alignment doping using the floating gate 
electrode 5 as a mask. Such P type impurity dop- 

t& ing serves to cancel the N type impurity in the 
second impurity doped region 9 so as to set the 
threshold voltage of the first channel region high. 

In the second and third embodiments of semi- 
conductor memory described above, the second 

20 impurity doped region 9 is doped with arsenic to 
reduce the threshold voltage after uitra-vtolet-ray- 
erasing to about 0.5 V. This is the threshold voitage 
of the first channel region and therefore is stable 
indepen dently of any voitage applied to the drain 

25 region 2, which reduces leak current Since the 
threshold voitage can be reduced to about 0.5 V, a 
power source voltage of at least about 1 .0 V can be 
used to drive the memory* Further, by reducing the 
threshold voltage, drain current can be increased to 

30 enable high speed operation of the memory. 

As described above, a semi-conductor non- 
volatile memory according to the invention of the 
floating gate type erasable by ultra-violet radiation 
has a first dopant of the same conductivity type as 

35 that of the substrate added into the substrate sur- 
face by self alignment doping using the cell sepa- 
ration region as a mask, and another dopant of less 
diffusible type for doping the substrate surface at a 
lower density than the doping by the first men- 

40 tioned dopant. By such means, the threshold voit- 
age of the memory can be lowered to the range of 
0.5 V to 1 .0 V to provide high speed driving with 
satisfactory programming performance and cell 
separation. 

Claims 

1. A semi-conductor non-votatile memory com- 
so prising a semi-conductor substrate (1) of a first 
conductivity type, a semi-conductor region (8) of 
the first conductivity type formed in a surface por- 
tion of the semi-conductor substrate and having an 
impurity density higher than that of the semi-con- 
55 ductor substrate, source and drain regions (2, 3) of 
a second conductivity type formed in spaced rela- 
tion in the surface of the semi-conductor substrate, 
a floating gate electrode (5) formed on and elec- 
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trically insulated from the semi-conductor region, a 
control gate electrode (7) formed on and elec- 
trically insulated from the floating gate electrode, 
and characterised by a further semi-conductor re- 
gion (9) formed inside the first semi-conductor re- s 
gion and containing impurity of the second con- 
ductivity type. 

2. A memory according to claim 1 charac- 
terised in that the control gate electrode includes a 
section capacitivefy coupled to the floating gate w 
electrode so as to control indirectly a channel re- 
gion defined between the source and drain regions. 

3. A memory according to claim 2 charac- 
terised in that the control gate electrode includes 
another section formed over and electrically in- is 
sulated from a part of the channel region so as to 
control the same directly, 

4. A memory according to claim 3 charac- 
terised by a third semi-conductor region (21) 
formed under said another section and containing 20 
impurity of the first conductivity type effective to 
cancel the impurity of the second conductivity type 
contained in the further semi-conductor region. 
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